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ABSTRACT

A mearch haa been performed for the

muon-number-vlolatlng decay v ● ●+e+e-. No candidaLe

event haa been found, yleldlng an upper limtt for the

branchinR ra~lo of Bvk < l.’) x 10-10 (9~% C.L.). From

pnrL of th~ data taken with s trigger thal euhanccd

IJ+ - ●+e+e-~ v
ue

●vents , 11 such evenLo were observed.

They agree in number ●nil epectrt with •xPe~tatl~nO

ba~tid on standard ●lectroweiik theory.
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Separate muon-, ●lectron-, ●nd Lau-numherti are cnnscrvcd In LIIU

❑ln[miil slmwlard mtuiel’ of ●lectroueak inter au LlrmH ulLh mf4~%lens

neu Lrtnos. Huuever, Ln ■any exlcnnione Lo lhe sttindord mod c 1 2
●epard[v

lepton numlwro are not espected LO bu conucrvcd quanlltlen. The pretient

●mperimenLal IlmlLn on neutrtnoleus rftre muon decays uuvh as ~+ ● =+c+=-

that violaLe eeparaLe lepLon-rnImber cOnI#ervuLIOn alleady pruvlde ~lron~

conmtralnts on ●any of the Cheorlea thal go beyond the olandard mdcl.

However, more ●enslLlve enpertmental mearches for Lhene decmy~ are needud

to elcher dlmcover ~eparate !epLon-number vIolaLlon or LO help ellminate

some of Lhese theoriee.

We report here an Improved upper llmil for Lhe branching rutln

r(u+
ilvk = —

+ P+e+e-)
r(M+● e+uetu)

from Lhc first run with the Cryetal Box detector (Fig. 1) in the Stopped
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Charged particlee next traveroed ● ●clntlllator hodoecope containing

36 counters. Each counter ie 44.5 m 5.? x ].27 Cm. with a photomultlplier

coupled to ●ach ●nd by ● light pipe. These counters define the flduclsl

volume for charged particles. Constant fraction dlacriminator4 ●ignala

from the two ●nds of ● aclntillator ●re connected to a me:ntlmer 5 for

trluger colnctdence decimiona. The meaeured time resolution of each

counter la 290 ps (FUHM) . The reglma upstream ●nd dounfitream of the

hodoscope are covered by 16 veto scintillation countern, ●ach measuring

13.3 x 23.8 x 0.3 cm. These counters were used tc help distinguish charged

particles and photons.

The outermost part of the detector 1s an array of 360 Nul(Tl) face

crystals , 6.35 u 6.35 cm croaa section ●nd 30.5 cm long, plus 36 corner

crystals, 6.35 R 6.35 H 63.5 cm. Thee- cryalals ● re packaged in s single

hermetically sealed container. Paper wrapping ●round each crystal provldea

optical isolation. Each face crystal la coupled to ● single

photomultiplier while the corner cryatala have photomll~tipliera ●t both

●rids. The measured ●nergy resolution function Is approximately ●n

asytmnetrlc gaussian with a WH?! of 6.5% at 130 H-V. Each cryetal has ita

own constanc fraction discriminator with a threehold of 5 tleV. Tl,e timing

resolution of the NaI(Tl) detectoru is 1.1 na (FWHM). The fiingle particle

acceptance in the fiducial ●rea (which assurea shower containmer]t in Lhc

NaI(Tl)) la i3/4n - 45%, including finite target-size ●ffects.

The trigger requirements for ● u + 3e candidate ● re: 6

1. At least three hodoscope counter signals within 5 no of ●ach

other .

2. At least three non-ddj-cell~ huduucope countpr signals within

10 ns.

3. A counter topology consikt~~nt with u + 3e decay.

4. Each hodoscope counter participating in the trigger having at

least one discriminator from a NaI(Tl) crymtal ir thu row behind

that counLer, or in an ●djaceo: row, trlg~ercd ViLilin 15 rim.

5. For most of the data reporled here, ● l leatil fJO McV dtpoaLted 10,

Llir unf.lre Nal array. Appruximulely 10% of t hc clala was taken

WIL)IOU[ lhls ltit3t rrquircmerJl to ●nllanct ttic IWCept~llCi? ~(JI

P
+ ++--

+ c e ● ‘evu ●venls.
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r~ + l~fil < 120 Mlrv,Wafl imposed. A 10 L;I] of 3112 K“VLII1l S flIlr ViVUd Lhc’%c

Cllts.

The thirq analyels pass Llghlenutl Lhr Wrle% CIIL nflel WCiAhLiIlg ei-ll”tl

track-Larget tntcr~ectlon pulnt ni”l”ordln~ L() 1tic” unt.vrlainly tn I Ilt’

measuremunL Of LhaL pblnL. Tlu 1.5 ns stint lllalor Llminfi cut Wds

re~mposrd after correcLtng each purllcle’e lfmv-Of-f]i@L fOr Lhe pdlh

lenELh from Lhe vertex LO Lhe HclnIlllHLor. Thl% pns% reduc(!d Ih{m IWlllh”r

of ●vents to R3.

The final CULO required LhaL 111 + IZ~l < Ill) M.-V, IXfiI < 1/ %V, an(l

lhal the Lhree ncinttllaLor WJnlimvs nccur wlthln u 1 nti interval . W)

●vents pilsscd Lhese CULS. Thr :i[(”ul)lanue of Lhu appdraLu!+ WIJS L,Ii(u]dLcd

wILII a ?40nLe Carlo program LhlIL aucllr~tely repruduce~ Lhc rcbpunse 1)I lIK’

deLecLors to positrons, elecLronrn, and phoLonti. ElectromagntmL[c showurs

are simulated WILh Lhe shower COA! E(;S. 7 The product of Lhe acceptance anti

detector efficiency for u ● 3e evvnts, autnwaing a consLanL maLrtJI el*menL,

in (fl.5 ? 0.8%). He obLaln an upper :lmtL of

f!’~k < 1.6 x 10-10 (90% C.L.) .

,
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ZE VS. Ylfll for lilt” rfrt (J( I V(1 11+ + e+”c+c-uet” evclll% an(l I.llc {(1111 1)111

con Lfiinln~ 90% of I.J+ ● e+u+c - 4?Veil LH. FigIll c Zt) stIow% 1111, 111111111”111.11 ! /.:.(!

dlstrlhutlou for LJ+ ● e+e+e-ue~l, evLo[lLH from L!lu Munle (~:ll”ln Simlliat [1)11.

Data were Lijkt”n sim~lltanuollsly wlLil dl fferen L tri}; gcr requlremulll ~ I 1)

search for IJ+ + e+v +tind D + ~’+vl. I)IC ~C6Ul[S WI 11 ht. [l I” CSL” II[.’II ill .+

later lime. A longer dii Lii run wtll hegln ehorlly.

A ]arge expcrimctll s{ich tis L~ll s woiJld noL be posslhlc wll II(NIL L ht!

concrlhullort~ fJf mnny people. 111 particular we would like LO Lhtink

L. F)ayllss, M. Butler, S. Chesney, R. Darnjanovlch, L. c. ~osLel”s M= ‘Juxan,

C. l%9plno2a, T. Gordon, G. HarL, it. Poe, J. Rolfe, J. Sarldoval, H. P. vf~n

GuLen, and H. Zeman. In addition, we wou~.d like tn thank Lhc 1.AMI’F sLkJff

for Lltel, many contribuLinnB and L. Rosen for hl.s con LI n~lln}l s~lPP(~rr 01

tht~ experimt’nt . This work wati supporLed in parL hy LIIW [Js I)CIJiJrLm(’ll! O f

Energy and tlw NaLlnnal Science FoundtJLton.



-7-

REFEREtlCES

1. S. L. Clashow, ~u~l. Phyo. ~, 5?9 (1961); A. Sdam, In

Elementary Particle Theory: ReIatlvlmtic Groups mnd Analytlclt ~ (Nobel

symposium No. 8), cditod by N. Svarthol~ (Almqvist ●nd Wlksell,

Stockholm, 1968), k. 367; S. Wlnberg, Phys. %V. kt~, ~, 1264

(1967).

2. A brief dlmcumnlon of many of the tic ●xtenmlonm can be found In

C. M. Hoffman, LA-UR-84-1327, to be publlshd in the Procccdinge of the

4th Course of the lnternatlonal School of Physics of Exotic Atoms on

fundamental Intermctione in bw Ener~ symtems, Er%ce. Italy,

March 31-April 6, 1984.

3. Richard D. Bolton et al, Nucl. lnet. & HeLh. 188, 275 (1981).

4. G. H. Sanderm, G. W. tiarto C. E. Hogan, J. $. Frank, C. M. Hoffman,

H. s. netim, ●nd V. D. Sandberg, Nucl. Inmt. ●nd M~thods 180, 603

(1981).

5. V. D. Sandberg, L. S. BaylisaD M. P. kgan, J. S. Frank, T. @raon, ●t

●l., LA-UR-84-2019, sutmitted to Nucl. Inst. ●nd Hethodc.

6. C. H. Sander. ●t ●l., “Intelligent Trigger Proceneor for the Cryetal

Box ,“ in proceedings of the Topical Conference on the Application of

Hicroproceeaora to High-Energy Physicc Expe~-iments. CERN 81-07, P. 216

(1981).

7. R. L. Ford ●nd W. R. Nelson, SLAC Report , SLAC -210 (1978)

(unpublished).

8. U. Bettl ● t al., Phy~. titt. 140B, 299 (1984). The best previous result

is Buk < 1.9 X 10-9 (902 C.L.). from S. H. Korenchenkoo B. F. Koscin,

G. v. Mitoel’tfakker, K. C. Nekraeuv, ●nd V. S. Smirnov,

Zh. I!ksp. Teor. ?iz 70. 3 (1976) [JETP 43. 1 (1976)].— —

9. D. Yu BardIn, To. G. lstathov, G. A. Mltsel’t’lmkker. Yad Flz 15, 28h—

(1972) [SOV. J. Nucl. Phya. ~. 161 (1972)]. Th- -trta ●loment was

●valuated by J. Sapirstein, SIAC (private communlcetion).



-Fl-

FIGIIRE CAPTIONS

1. A schematic diagram of the Crystal Rox detector.

2s. The vector sum of the momenta for the two posiLrons and the elecLron

(lIi31) vs. the sum of their energies (Ii?) for data ● vent~. ,Tk,e sloping

line represents the condition IE + [Z?I = tlv. The area encloked near

~E _ ]00 MeV, 11?1 _ O contains 91)Z of Monte Carlo U+ + e+e+e- events.

2b. The distribution of HonLe Carlo U+ ● e+e+e-ue~p ●venLs. The number of

Monte Carlo events Is not normullzed to the number of daLa eVt!nLS.
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